We report the first measurement of the τ lepton polarization Pτ Semileptonic B decays to τ leptons (semitauonic decays) are theoretically well-studied processes within the Standard Model (SM) [1] [2] [3] . The presence of the massive τ lepton in the decay increases the sensitivity to new physics (NP) beyond the SM, such as an extended Higgs sector. A prominent candidate is the Two-HiggsDoublet Model (2HDM) [4] , as suggested, for example, in Refs. [5] [6] [7] [8] [9] , for the decay processB → D ( * ) τ −ν τ [10] . The decaysB → D ( * ) τ −ν τ have been studied by the Belle [11] [12] [13] [14] , BaBar [15] [16] [17] and LHCb [18] for LHCb. The ratio cancels numerous uncertainties common to the numerator and the denominator. The current averages of the three experiments [13, 14, [16] [17] [18] are R(D) = 0.397 ± 0.040 ± 0.028 and R(D * ) = 0.316 ± 0.016 ± 0.010, which are 1.9 and 3.3 standard deviations (σ) [19] away from the SM predictions of R(D) = 0.299 ± 0.011 [20] or 0.300 ± 0.008 [21] and R(D * ) = 0.252 ± 0.003 [22] , respectively. The overall discrepancy with the SM is about 4σ. These tensions have been studied in the context of various NP models [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
In addition to R(D ( * ) ), the polarizations of the τ lepton and the D * meson are also sensitive to NP [6, 22-25, 27, 29, 32-34] . The τ lepton polarization is defined as
τ with a τ helicity of ±1/2. The SM predicts P τ (D) = 0.325 ± 0.009 [34] and P τ (D * ) = −0.497 ± 0.013 [24] . For example, the type-II 2HDM allows P τ (D ( * ) ) to be between −0.6 (−0.7) and +1.0 [24, 35] . A leptoquark model suggested in Ref. [27] with a leptoquark mass of 1 TeV/c 2 is possible to take P τ (D * ) between −0.5 and 0.0. The τ polarization can be measured in two-body hadronic τ decays with the differential decay rate [dΓ(
, where θ hel is the angle of the τ -daughter meson momentum with respect to the direction opposite the W momentum in the rest frame of the τ (where W denotes the τ −ν τ system that corresponds to the virtual W boson from the B meson decay in the SM). The parameter α describes the sensitivity to P τ (D ( * ) ) for each τ -decay mode; in particular, α = 1 for
. In this Letter, we report the first P τ (D * ) measurement in the decayB → D * τ −ν τ with the τ decays τ − → π − ν τ and τ − → ρ − ν τ . Our study includes an R(D * ) measurement independent of the previous studies [13, 14, [16] [17] [18] , in which leptonic τ decays have been used.
We use the full Υ(4S) data sample containing 772 × 10 6 BB pairs recorded with the Belle detector [37] at the asymmetric-beam-energy e + e − collider KEKB [38] . The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrellike arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter (ECL) comprised of CsI(Tl) crystals located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside of the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The detector is described in detail elsewhere [37] .
The signal selection criteria are optimized using Monte Carlo (MC) simulation samples. These samples are generated using the software packages EvtGen [39] and PYTHIA [40] , where final-state radiation is generated with PHOTOS [41] . For theB → D * τ −ν τ (signal mode) andB → D * −ν (normalization mode) MC samples, we use hadronic form factors (FFs) based on heavy quark effective theory (HQET) [42] . We use the world-average FF parameters extracted fromB → D * −ν measurements [19] . For the FF in a helicity-suppressed amplitude, which contributes negligibly in the light charged lepton mode, we adopt a theoretical estimate based on HQET [22] . Generated events are processed by the Belle detector simulator based on GEANT3 [43] to reproduce detector responses.
We conduct the analysis by first identifying events where one of the two B mesons (B tag ) is reconstructed in one of 1104 exclusive hadronic B decays using a hierarchical multivariate algorithm based on the NeuroBayes neural-network package [44] . More than 100 input variables are used to identify well-reconstructed B candidates, including the difference ∆E ≡ E * tag − E * beam between the energy of the reconstructed B tag candidate and the beam energy in the e + e − center-of-mass (CM) frame, as well as the event shape variables for suppression of e + e − →background (q = u, d, s, c). The quality of the B tag candidate is synthesized in a single NeuroBayes output-variable classifier (O NB ). We require the beam-energy-constrained mass of the B tag candidate
tag is the reconstructed B tag three-momentum in the CM frame) to be greater than 5.272 GeV/c 2 and the value of ∆E to be between −150 and 100 MeV. We place a requirement on O NB such that about 90% of true B tag and about 30% of fake B tag candidates are retained. If two or more B tag candidates are retained in one event, we select the one with the highest O NB . The B tag tagging efficiency is determined using the method described in Ref. [45] .
After B tag selection, we form a signal-side B candidate (B sig ) from a D * candidate and a τ daughter or a charged-lepton candidate from the remaining particles. We use the following modes: To measure cos θ hel , we first calculate the cosine of the angle between the momenta of the τ lepton and its daughter meson, cos
) (E and p being the energy and the three-momentum of the τ lepton or the τ -daughter meson d), in the rest frame of the τ −ν τ system. Using the Lorentz transformation from the rest frame of the τ −ν τ system to the rest frame of τ , the following equation is obtained:
is the τ -daughter momentum in the rest frame of τ , and γ = E τ /(m τ c 2 ) and | β| = | p τ |/E τ . Solving this equation, the value of cos θ hel is obtained. Events must lie in the physical region of | cos θ hel | < 1. To reject thē B → D * −ν background in the τ − → π − ν τ sample, we only use the region cos θ hel < 0.8 in the fit.
After the event reconstruction, we find 1. = 0. We use the MC distributions of these variables as the histogram probability density functions (PDFs) in the final fit. The signal PDF is validated using the normalization sample. We find good agreement between the data and the MC distributions for E ECL . The M 2 miss resolution in the data is slightly worse than in the MC. We therefore broaden the width of the peaking component in the M 2 miss signal PDF to match that of the data.
The most significant irreducible background contribution is from events with incorrectly-reconstructed D * candidates, denoted "fake D * ." We compare the PDF shapes of these events in ∆M sideband regions. While we find good agreement of the E ECL shapes between the data and the MC, we observe a slight discrepancy in the M τ study as they have a similar decay topology to the signal events. Moreover, background events from various types of hadronic B decays wherein some particles are not reconstructed are significant in our measurement. Since there are many unmeasured exclusive modes of these B decays and hence a large uncertainty in the yield, we determine their yields in the final fit to data. The PDF shape uncertainty of these backgrounds is taken into account, as a change in the B decay composition may modify the E ECL shape and thereby introduce biases in the measurement of R(D * ) and P τ (D * ). For the decays with experimentally-measured branching fractions, we use the values in Refs. [47, 49, 50] . Other types of hadronic B decay background often contain neutral particles such as π 0 and η or pairs of charged pions. We calibrate the composition of hadronic B decays in the MC based on calibration data samples by reconstructing seven final states
, and D * π − ηπ 0 ) in the signal-side. Candidate η mesons are reconstructed us-ing pairs of photons with an invariant mass ranging from 500 to 600 MeV/c 2 . We then extract the calibration sample yield with the signal-side energy difference ∆E sig or the beam-energy-constrained mass M sig bc in the region q 2 > 4 GeV 2 /c 2 and | cos θ hel | < 1. To calculate cos θ hel , we assume that (one of) the charged pion(s) is the τ daughter. We use a ratio of the yield in the data to that in the MC as the yield scale factor. If there is no observed event in the calibration sample, we assign a 68% confidence level upper limit on the scale factor. The above calibrations cover about 80% of the hadronic B background. For the remaining B decay modes, we assume 100% uncertainty on the MC expectation.
In the signal extraction, we consider threeB → D * τ −ν τ components: (i) the "signal" component contains correctly-reconstructed signal events, (ii) the "ρ ↔ π cross feed" component contains events where the decay τ
The relative contributions are fixed based on the MC. We relate the signal yield and R(D * ) as
, where B τ denotes the branching fraction of τ − → π − ν τ or τ − → ρ − ν τ , and sig and norm (N sig and N norm ) are the efficiencies (the observed yields) for the signal and the normalization mode. Using the MC, the efficiency ratio norm / sig of the signal component in the B − (B 0 ) sample is estimated to be 0.97 ± 0.02 (1.21 ± 0.03) for the τ − → π − ν τ mode and 3.42 ± 0.07 (3.83 ± 0.12) for the τ − → ρ − ν τ mode, where the quoted errors arise from MC statistical uncertainties. The larger efficiency ratio for theB 0 mode is due to the significant q 2 dependence of the efficiency in the D * + → D 0 π + mode. For P τ (D * ), we divide the signal sample into two regions cos θ hel > 0 (forward) and cos θ hel < 0 (backward). The value of P τ (D * ) is then parameterized as
, where the superscript F (B) denotes the signal yield in the forward (backward) region. The detector bias on P τ (D * ) is taken into account with a linear function that relates the true P τ (D * ) to the extracted P τ (D * ) (P τ (D * ) correction function), determined using several MC sets with different P τ (D * ) values. Here, other kinematic distributions are assumed to be consistent with the SM prediction.
We categorize the background into four components. The "B → D * −ν " component contaminates the signal sample due to the misassignment of the lepton as a pion. We fix theB → D * −ν background yield from the fit to the normalization sample. Since these decays are experimentally well measured, we fix their yields based on the worldaverage branching fractions [47] . The yield of the "fake 
D
* " component is fixed from a comparison of the data and the MC in the ∆M sideband regions. The contribution from the continuum e + e − →process is only O(0.1%). We therefore fix the yield using the MC expectation.
We then conduct an extended binned maximum likelihood fit in two steps; we first perform a fit to the normalization sample to determine its yield, and then a simultaneous fit to eight signal samples (
In the fit, R(D * ) and P τ (D * ) are common fit parameters, while the "B → D * * −ν and hadronic B" yields are independent among the eight signal samples. The fit result is shown in Fig. 1 . The obtained signal and normalization yields for B − (B 0 ) mode are, respectively, 210 ± 27 (88 ± 11) and 4711 ± 81 (2502 ± 52), where the errors are statistical.
The most significant systematic uncertainty arises from the hadronic B decay composition ( +7.7 −6.9 %, +0.13 −0.10 ), where the first (second) value in the parentheses is the relative (absolute) uncertainty in R(D * ) (P τ (D * )). The limited MC sample size used in the analysis introduces statistical fluctuations on the PDF shapes (
The uncertainties arising from the semileptonic B decays are (±3.5%, ±0.05). The fake D * background, which dominates in this analysis, causes uncertainties of (±3.4%, ±0.02). Other uncertainties arise from the reconstruction efficiencies for the τ daughter and the charged lepton, the signal and normalization efficiencies, the choice of the number of bins in the fit, the τ branching fractions and the P τ (D * ) correction function parameters. These systematic uncertainties account for (±2.2%, ±0.03). In addition, since we fix part of the background yield, we need to consider the impact Comparison of our result (star for the best-fit value and 1σ, 2σ, 3σ contours) with the SM prediction [22, 24] (triangle). The shaded vertical band shows the world average [19] without our result.
from the uncertainties that are common between the signal and the normalization: the number of BB events, the tagging efficiency, the D branching fractions and the D * reconstruction efficiency. The total for this source is (±2.3%, ±0.02). In the calculation of the total systematic uncertainty, we treat the systematic uncertainties as independent, except for those of the τ daughter and the D * reconstruction efficiencies. The latter originate from the same sources: the particle-identification efficiencies for K ± and π ± and the reconstruction efficiencies for K 0 S and π 0 . We therefore account for this correlation. The total systematic uncertainties are ( The statistical correlation is 0.29, and the total correlation (including systematics) is 0.33. Overall, our result is consistent with the SM prediction. The obtained R(D * ) is independent of and also agrees with the previous Belle measurements, R(D * ) = 0.293 ± 0.038 ± 0.015 [13] and 0.302±0.030±0.011 [14] , and with the world average [19] . Moreover, our measurement excludes P τ (D * ) > +0.5 at 90% C.L.
In summary, we report a measurement of P τ (D * ) in the decayB → D −0.16 (syst.), are consistent with the SM prediction. We have measured P τ (D * ) for the first time, which provides a new dimension in the search for NP in semitauonic B decays.
